Abstract
Introduction
Ischemia detection has always been an important component in identifying and managing patients with coronary artery disease. Advances in management of patients with acute MI, such as early reperfusion with thrombolytic therapy and revasculaization with a PTCA procedure, have made continuous non-invasive detection of ischemia even more important. The emphasis has shifted from detecting and diagnosing coronary artery disease to on-line monitoring and treatment of evolving ischemia. Although monitoring ECG for ST-segment deviation is not the most sensitive and specific technique for myocardial ischemia detection, it remains the only practical technique for continuous non-invasive monitoring of ischemic episodes.
The location of the monitoring electrodes and the direction and magnitude of the ST-segment changes indicate the region of the heart at risk, and the possible extent of the damage. The probability of detecting ischemic episodes and locating them increases with the number of leads employed. Today's monitors are capable of providing up to 12 ECG leads for continuous monitoring. The presence of ST-segment deviation of 1 mm (0.1 mV) or greater in at least one lead is the current standard for ischemia detection [ 1.21. While this threshold is highly sensitive, it also has the potential of generating many false alarms when used in a real-time monitoring environment [31, especially when the number of ECG leads being monitored is large, e.&, when 124ead ECG is employed for continuous monitoring.
In order to reduce the number of false alarms, several ST-alann strategies have been implemented [2,4], including using higher detection thresholds, and requiring multiple leads to exceed the detection thresholds.
However, these alarm strategies have not been directly compared on the basis of their sensitivity in detecting STsegment changes. The objective of this study is to compare several multi-lead alarm strategies by using a common ST database for their ability in detecting STsegment changes. The present study also evaluates whether the single-valued ST parameter, STindex, computed as the sum of the absolute ST values from three orthogonal leads, can be used to achieve the same detection sensitivity obtained when all 12 leads are used. 
2.

Results
The ST-alarm evaluation results are presented graphically in Figures 3-1 1 . In each plot, the vertical axis represents the ST-alarm detection sensitivity (range is 50% to 100%). and the horizontal axis represents the ST debtion threshold (range is 0 to 2.0 m). show the performance results of the various ST-alarm strategies studied. In Figures 3-5 Figure 4 . Detection sensitivity as a function of the detection threshold using any two leads (same thresholds are used for both leads). show that if different thresholds can be. used, there will be more flexibility in selecting the proper thresholds to achieve the desired detection sensitivity. For example, the same detection sensitivity of 85.6% achieved by using 0.85 mm for both leads shown in Figure 4 occluded vessels, and (2) it uses a higher detection threshold of 1.5 mm (as opposed to 1.3 mm for leads aVF, V2, and V5) to achieve the same single-lead detection sensitivity obtained at a threshold of 1 mm.
Performance summaw (Figure 11 ) -This summary plot clearly shows that there is a noticeable performance drop between using any single lead and multiple leads. To match the single-lead sensitivity performance, a threshold of 1.5 mm should be used for the STindex (III, V2, V5 ).
An even higher threshold of 2.0 mm can be used if the goal is to match the two-lead sensitivity performance.
4.
Conclusion
Several ST-alarm strategies have been evaluated using a database of 12-lead ECGs recorded during FTCAinduced ischemia. The results suggest that using two leads (whether any two or any two contiguous leads using the same or different threshold values) for ST-alarm detection is a good compromise between maintaining high detection sensitivity and reducing false ST-alarms.
The single-valued STindex computed from leads III, V2, and V5 provides the highest correlation to the 12-lead ST changes. The STindex can be used to achieve high sensitivity in ST-alarm detection, especially when monitoring using all 12 leads is not practical. These observations should be further validated using other ST databases as well as data obtained from real-time monitoring.
